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Abstract 
We propose a backside exposure liquid phase photolithography platform for the fabrication of polymer microsystems. 
While conventional process strategies require a solidified polymer film prior to exposure, we utilize polymer 
encapsulation in order to directly cross-link the polymer from solution. Silane-based surface passivation and lift-off 
resist are used to control polymer adhesion after removal of the encapsulation. This process platform offers many 
attractive features including self-aligned processing of multilayer arrangements and controlled release capabilities. 
The fabrication of a drug delivery vehicle made from self-organizing hydrogel bilayers is a target application of this 
research. 
 
© 2012 Published by Elsevier Ltd. 
 
Keywords: Hydrogel; Lithography; Backside Exposure; Self-Organizing Bilayers 
1. Introduction 
Self-organizing hydrogel microsystems are promising devices for encapsulation, transportation, and 
release of drugs and cells [1]. However, their photolithographic processing from liquid diacrylated 
polymers introduces a number of problems, such as oxygen-induced termination of the polymerization 
process, polymer delamination from the substrate, and polymer adhesion to the lithography mask. 
Polymer encapsulation and silane-based coupling agents have been used to overcome these problems [2]. 
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However, proposed strategies generally apply only to specific polymer combinations [3] or include HF 
release strategies [4]. The latter is especially not appropriate as traces of HF may remain inside the 
hydrogel network, diffuse out over time only, and eventually compromise bio-compatibility.  
In this work, we present a generic fabrication approach for the fabrication of polymer single and 
multilayer arrangements by lithographic patterning and a strategy for the controlled release of the 
fabricated structures. With the objective of fabricating a self-organizing polymer bimorph, all structures 
reported in this work are fabricated from hydrogels. In order to achieve sufficient self-organization, two 
hydrogels with significantly different volume swelling coefficients have been selected.  
2. Materials and Methods 
2.1. Materials 
N-Isopropylacrylamide monomer (NIPAAm), Poly(Ethylene Glycol) Diacrylate (average MW 575, 
PEG-DA), 2,2 dimethoxy-2 phenylacetophenone (99%, DMPA), Ethyl Lactate (98%, EL), and anhydrous 
hexane (95%) have been purchased from Sigma Aldrich. Perfluorodecyltrichlorosilane (PFDTCS) has 
been purchased from Acbr. The main NIPAAm monomer was recrystallized after double treatment in n-
hexane solution, while all other chemicals were used as received. 
2.2. Preparation of Hydrogel Precursor Solutions 
The high swelling hydrogel system is based on a molar ratio of 99:1 NIPAAm:PEG-DA. Both 
chemicals were mixed and dissolved in a volume of ethyl lactate correspondent to their total weight. The 
DMPA photo initiator was added to achieve a concentration of 1 wt% with respect to the monomer 
solution. Complete dissolution was achieved by centrifugation (30 seconds) and sonication (30 seconds).  
Low swelling hydrogel has been prepared from PEG-DA cross-linker only. DMPA photo initiator has 
been added to achieve a concentration of 1 wt% with respect to the cross-linker. Centrifugation and 
sonication were applied as before.  
2.3. Surface coating and passivation 
In order to drive the adhesion of the fabricated structures towards the desired substrate, the application 
of an adhesion supporting layer on the target wafer as well as a surface passivation of the mask wafer is 
mandatory. LOR is known to improve the adhesion of polymers on inorganic substrates and has been 
chosen as an adhesive coating. A further benefit of this choice arises from the possibility of utilizing it to 
release fabricated structures. Adhesion between polymer and mask wafer is prevented by applying 
PFDTCS. Its fluorine groups provide a very low interaction potential for the adjacent polymer rendering 
the substrate virtually inert. PFDTCS has been applied according to the supplier’s recommendations.  
3. Fabrication of polymer microstructures 
Polymer microstructures have been fabricated using a non-self-aligned process flow (see Fig. 1 a). The 
basic principle of the proposed process is the encapsulation of the utilized polymer between bottom wafer 
and mask wafer. In order to achieve high resolution lithography, the desired mask pattern was transferred 
to the mask wafer by structuring an opaque chromium layer for the subsequent UV exposure. As the mask 
is in direct contact with the polymer, contact exposure is achieved.  However, the major benefit arises 
from the encapsulation of the polymer itself,  which avoids the  oxygen termination of the  polymerization 
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Fig. 1. (a) Process flow for non-self-aligned liquid phase photo lithography: A) Glass wafer with SU-8 spacers and 
PFDTCS passivation, B) LOR coated bottom wafer, C) Backside exposure of liquid polymer encapsulated between A 
and B, D) deposited single layer after development.  
(b) Process modification for self-aligned multilayer fabrication: A and B) PFDTCS, SU-8 and LOR are inverted with 
respect to the previously described process (Fig. 1 a), C) backside exposure, D) deposited single layer remains on top 
wafer, E) deposited bilayer (process is repeated with an increased SU-8 spacer thickness). 
 
during exposure. The thickness of the polymer film itself is controlled by the thickness of the SU-8 
spacers present on the mask wafer. Target and mask have been coated with LOR and PFDTCS, 
respectively. The gap between the glass wafer and the bottom wafer is filled with the liquid polymer by 
capillary forces. After exposure and development, the cross-linked polymer remains on top of the LOR 
(Fig. 1a C & D). The proposed approach allows for a critical feature size below 5μm (see Fig. 2 left). 
4. Self-aligned fabrication of multilayer arrangements 
The process flow presented above can also be altered in order to allow for the self-aligned fabrication 
of bilayer structures.  Since LOR,  PFDTCS and  SU-8 are inverted,  the polymerized structures remain on  
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Fig. 2. (left) Hydrogel single layers fabricated based on non-self-aligned process flow; left 20μm wide stripes; right: 
fabricated stripes with a critical feature size below 5 μm. (right) Curled bilayer structures fabricated using self-
aligned process flow (chrome pattern partially visible in the background). 
 
the LOR on top of the glass wafer (Fig. 1b D, compare to Fig. 1a D). Repeating process steps B to D, a 
self-aligned bilayer is generated. To demonstrate the feasibility of this process, we fabricated hydrogel 
bilayers combining low and high swelling hydrogels as described above and released them using standard 
photoresist developer. Due to the different volume swelling coefficients, the fabricated bilayers curl upon 
exposure to aqueous media (see Fig. 2 right).  
5. Conclusion 
We successfully demonstrated a process flow for the fabrication of hydrogel micro structures as well as 
a modification of the proposed process for self-aligned fabrication of multi-layer structures. Process flow 
allows for a minimal feature size of below 5μm and possesses capabilities for a controlled release of the 
fabricated structures. The experimental results highlight a potential application of the means described 
above for the fabrication of next generation drug and cell delivery vehicles with three dimensional shapes.  
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